Advanced Computer Architecture

Fall 2005
Homework #1

(1) Hennessy/Patterson 1.3
(2)  Suppose that a processor run on a certain benchmark spends 30% of its execution time on loads and stores.  Two enhancements are made:

(a) Engineers first find a way to improve loads and stores be cutting their execution time by 25%.  In other words, the execution time for load and store instructions (using this first enhancement) is 75% of the execution time for these instructions running on the original processor.  Use Amdahl's Law to compute the overall speedup obtained from this enhancement.

(b) A second enhancement is applied to the processor that resulted from the first enhancement.  This second enhancement speeds up the loads and stores by a factor of 1.5.  In other words, the execution time for load and store instructions (using this second enhancement) is 1 / 1.5 times the execution time for these instructions running on the processor after the first enhancement.  Use Amdahl's Law to Compute the overall speedup obtained from the second enhancement (compared to just using the first enhancement).
(c) What is the overall speedup using both enhancements together?

(3) Suppose that when a certain processor is run on an intense mathematical benchmark, 50% of the instructions are floating-point instruction, including 5% which compute a square root (i.e. 45% of the instructions are floating-point instructions that do not computer square root).   Assume that the floating-point square root instruction has an average CPI of 15, the other floating-point instructions (not including the square root instruction) have an average CPI of 3, and the average CPI of non-floating-point instructions is 1.3.
(a) What is the overall CPI when the processor is run on the benchmark?

(b) What is the average CPI for all floating-point instruction (including the floating-point square root instruction)?

(c) Suppose you have a choice between speeding up all floating-point instructions by a factor of two versus speeding up the floating-point square root instruction by a factor of fifty.  What is the overall speedup resulting from each possible choice?  Assuming that the two choices require equal effort, which is the better choice?

(4) Hennessy/Patterson 1.8
Notes:

In (a), "20 cm wafer" means that the diameter of the wafer is 20 cm.

In (c), you are computing the "Cost of integrated circuit" using the equations on page 77; Assume a final test yield of 1.0 and a die yield of 1.0; the values for "Cost of die" come from part (b), and the other needed information is given in Figure 1.34 and Figure 1.35.
In (e), "Digital 21064C" should be "Alpha 21264C".
(5) Consider three computers A, B, and C run on three programs 1, 2, and 3 with the following times:

	
	Computer A
	Computer B
	Computer C

	Program 1
	50
	100
	200

	Program 2
	100
	100
	10

	Program 3
	900
	300
	1000


(a) For each of the three computers, compute the arithmetic mean and geometric mean

(b) Normalize the times in the above chart relative to Computer A, and then compute the normalized arithmetic mean and the normalized geometric mean for Computer B and Computer C

(c) Consider the following question:
"Which computer is faster, Computer B or Computer C?"

Why is it hard to answer such a question?
